FUNCTIONAL ANALYSES
It is often necessary to determine if a new gene is functional before further understanding of the gene's molecular role can be determined using advanced molecular and genetic analyses, which will be shown in the section on Functions and Phenotypic Effects of New Genes. Measuring the evolutionary constraint on a gene, in conjunction with expression analysis, is often a handy way to determine the functionality of new genes. This analysis is conducted by looking at the evolutionary signature of purifying selection or positive selection on the gene sequence, such as comparison of the substitution rate at synonymous and replacement sites (Ks versus Ka), the polymorphisms at synonymous and replacement sites (e.g., single nucleotide polymorphisms), and length changes (insertion and deletion) within and outside coding regions. This approach has been used widely, for example, in Yu, et al. 2006; Bai, et al. 2007; Wang, et al. 2004 (cited under The human-specific gene clorf37-dup was shown to evolve rapidly, likely driven by positive selection in the coding sequences. Available online for purchase or by subscription.
GENE ORIGINATION ON BENCHES
Taking advantage of rapid growth of bacteria, gene evolution experiments have revealed that duplicate and chimeric genes can rapidly originate and fix. These molecular novelties were shown to help microbial organisms, bacteria and yeast, to become adapted to controlled new environmental factors, as demonstrated by Blount, et al. 2012; Näsvall, et al. 2012; Riehle, et al. 2001; and Brown, et al. 1998 .
Evolution of New Genes -Evolutionary Biology -Oxford Bibliographieshttp://www.oxfordbibliographies.com/view/document/obo-9780199941728/obo-978019994172... This finding reflected a long and systematic effort after more than thirty-one thousand generations of selection for the ability of Escherichia coli to use citrate, an ancestral trait that was estimated to exist thirteen million years ago. It was found that during experimental evolution, a citrate transporter gene was duplicated into a new chimeric gene with a new promoter, which turned the transporter from a dormant state into an active state so that the ancestral ability to eat citrate appeared. Available online for purchase or by subscription. This paper showed that growth of E. coli for two thousand generations in a high temperature led to three duplication events that might help the strains to adapt to high temperature.
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Mutational Mechanisms of New Gene Formation
Mutation toward a new gene structure is the first step of new gene evolution. Various molecular processes, eleven listed below, are known to contribute to the initial structure of new genes, including the classic models of gene duplication (see Muller 1936 and Ohno 1970, cited under History) and gene recombination (in Gilbert 1978, cited under History) .
Although there is a rich literature about gene duplication, how gene duplication leads to neofunctionalization is rarely discussed. The following references present the known mechanistic processes leading to the evolution of new gene functions. It should be noted that in most situations, some of these mechanisms likely work together to define new genes and functions.
Overviews, for recent reviews). Genes may be completely or partially duplicated and remain as new, intact loci or integrate into existing loci, sometimes immediately forming chimeric molecules with distinct biochemical properties, as seen in Arguello, et al. 2006 and Yang, et al. 2008 . The independent duplication of ATPα, along with convergent evolution of expression and parallel nucleotide substitutions, was documented in herbivorous insects. Available online for purchase or by subscription.
RNA-BASED GENE DUPLICATION
RNA-based duplication, also called "retroposition," was predicted in the early 1990s to be able to quickly generate novel functions, as shown in Brosius 1991; Brosius 2003; and Kaessmann, et al. 2009 . While DNA-based duplications with parental regulatory elements are often tandem (e.g., Thornton 2003), retroposed genes must acquire new regulatory elements or risk becoming processed pseudogenes. In addition, retroposed sequences may jump into or near existing genes and recruit existing exons, or be recruited into an existing coding sequence. In at least one case, co-retroposition of two genes immediately generated a novel chimeric gene, as was reported in Zhang, et al. 2009 .
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